Background
Method
Electronic databases were searched and calculated the weighted mean difference (WMD) with 95% confidence interval (CI) to assess the expression difference of NTx between BM+ and BM-lung cancer patients. Moreover, we conducted a sensitivity and specificity test and drew a summary receiver operating characteristic curve (SROC) to assess the diagnostic value of NTx in discerning bone metastasis.
Results
A total of eleven studies with 1108 individuals were included in this analysis. The results showed an increased NTx was correlated with the incidence of lung cancer (P < 0.001). The overall sensitivity and specificity of serum NTx (sNTx) for discerning bone metastasis was 0.74 (95% CI = 0.67 to 0.79) and 0.85 (95% CI = 0.80 to 0.89), respectively. As for urine NTx (uNTx) the pooled sensitivity and specificity was 0.77(95% CI = 0.67 to 0.86) and 0.81(95% CI = 0.76 to 0.86). The area under the SROC curve was 0.8889(SE = 0.0255) and 0.8655 (SE = 0.0254) for sNTx and uNTx respectively.
Conclusions
The elevation of NTx in lung cancer was positively related with the development and progression of bone metastasis. A higher specificity over sensitivity of NTx suggested that it is PLOS ONE | https://doi.org/10.1371/journal.pone.0187860 November 28, 2017 1 / 12 a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
a more accurate biomarker to distinguish patients without bone metastasis. Regarding SROC curve, sNTx may be a better choice.
Background
Lung cancer has been the most common malignancy for several decades with an estimated 1.8million new cases annually and resulted in one cancer death in five (1.59 million deaths, 19 .4% of total) [1] . A majority of lung cancer patients are in advanced stage at the time of diagnosis and bone is tended to be the most common affected site with a rough rate of 30% to 60% [2] . The occurrence of skeletal-related events (SREs) such as pathologic fracture and hypercalcemia [3] followed by bone metastasis (BM) will not only result in a poor quality of life but also can be costly. Nowadays, the diagnosis of bone metastasis in cancer patients relies predominantly on imaging techniques, such as bone scintigraphy which often has a high sensitivity but lacks specificity [4] , computerized tomography (CT), magnetic resonance imaging (MRI) or18F-fluorodeoxyglucose positron emission tomography (F-18 FDG-PET). Although these techniques have been proved to be useful diagnostic tools, their limitations on early diagnosis or time-to-time monitoring cannot be ignored. Thus, these weaknesses of current methodology lead to a need for establishing supplementary diagnostic tools. The cross-linked N-telopeptide of type I collagen (NTx) is one of the degradation products of type I collagen which accounts for 90% of organic chemical components of bone [5] . It is highly bone specific and its levels are often increased when bone metastasis occurs [6] . Previous study conducted by Zhang [7] has demonstrated that NTx may have a value in the diagnosis of bone metastasis, however, this study lacks sufficient data to evaluate the overall sensitivity and specificity for NTx, moreover the patients included in the study are all Chinese and with various solid tumors (breast and prostate cancer) which cannot be fully applied in lung cancer patients. Therefore, we comprehensively review the literature and conducted this meta-analysis to show the role of NTx concentrations in the diagnosis of bone metastasis in lung cancer patients.
Methods

Literature search strategy and trial selection
Articles were retrieved from three English electronic databases of PubMed, Embase, Web of Science and two Chinese databases of China National Knowledge Infrastructure (CNKI) and Wanfang. The search period was from the start of each database up to December 2016. The search terms such as 'lung cancer', 'lung neoplasm', 'lung malignancy', 'NTx', 'N-terminal type I collagen telopeptide', 'N-telopeptide','bone metastasis' were involved. The search strategy we used in Pubmed was: ((((N-telopeptide) OR N-terminal type I collagen telopeptide) OR NTx telopeptide) OR NTX) AND "Lung Neoplasms" [Mesh] . In addition to the databases searching, we had also reviewed the reference listed on included articles.
Selection criteria
The inclusion criteria for this study were summarized as follows: (1) patients must be pathologically diagnosed with lung cancer; (2) Patients who were identified bone metastasis were confirmed by bone scintigraphy, emission computed tomography (ECT) or other imaging techniques.(3) studies must have a control group either patients without bone metastasis or healthy person; (4) studies must have reported sufficient quantitative data such as Mean±SD or data regarding sensitivity/specificity; (5) only the study with larger sample be included if multiple studies contained overlap data. Exclusion criteria: (1) non-human study; (2) studies without a control group; (3) studies without sufficient data to be extracted from; (4) non-original studies such as reviews, case reports.
Data extraction
All data were extracted by two independent reviewers (Boxuan Liu and Lizhong Zeng) according to the above criteria. Once there was a discrepancy, a third reviewer (Xia Meng) would be asked to reach an agreement. The extracted data are summarized as follows: (1) general information, including the title, publication date, author, gender, age and histological classification; (2) design and implementation, including the type of design, test method, cut-off value, ethnics; (3) measurement indicators such as NTx level, the number of true positives, false positives, true negatives, and false negatives.
Quality assessment
QUADAS and QUADAS-2were recommended assessment tools to evaluate the risk of bias and applicability of primary diagnostic accuracy studies [8] [9] . Two reviewers (Jingyan Yuan and Yun Zhao) independently evaluated the included studies and discrepancies were resolved by consulting a third reviewer (Shuanying Yang).
Statistical analysis
The weighted mean difference (WMD) and its 95% confidence intervals (CI) was used to measure NTx level from the data given in the included studies using fixed effect or random effect method judging by the heterogeneity which was evaluated by the Chi-square test and I 2 . Once I 2 <50% and P>0.1, we applied the fixed effect method, otherwise the random effect method was used. The overall effect of this meta-analysis was measured using Z-scores with a P <0.05. Sensitivity analysis was conducted in this study by omitting an included study each time to confirm the stability of the study. Begg's and Egger's test were applied to evaluate the publication bias. Further, we used a summary receiver operating characteristic (SROC) curve to illustrate the performance of sensitivity and specificity. Statistical analysis was conducted using Meta DiSc statistical software (Version 1.4, Madrid, Spain), RevMan 5.3 (Cochrane Collaboration) and Stata version 12.0 (TX, USA).
Results
Search results
According to our search strategy, we initially identified 351 studies, after removing the duplicates, 327 studies had a further text review of title and abstract. After a review of 327 studies, 15 studies were selected for a full-text review and 4 articles were excluded for the following reasons: insufficient data, republication of the same data. Thus, a total of 11 studies were eligible for this meta-analysis, A flowchart showing the study selection process is shown in Fig 1. 
Characteristics of the included studies
Of the 11 studies included in this meta-analysis, a total of 1108 patients were examined in which 438 had bone metastasis. The diagnostic definition of bone metastasis in each study was presented in S2 File. The sample size of included studies oscillated between 35 and 176. A total of 9 studies were conducted among Asian people while the rest two studies were carried out in Turkey and Italy. The histological classification of lung cancer mainly contained lung adenocarcinoma (LAC) (341patients), lung squamous cell carcinoma (LSCC) (142 patients) and small cell lung cancer(SCLC) (157 patients). More details of the studies are shown in Table 1 .
Quality assessment
All of the included studies had adopted enzyme-linked immunosorbent assay (ELISA) as the test method of NTx. Of the included studies, two studies used urine sample, eight studies tested serum sample and one study had measured both serum and urine sample. The cut-off values 
Heterogeneity test
Chi-square value was used to determine heterogeneity among studies. With a larger value, there was more likely to have heterogeneity among studies. In our study, the Chi-square value of the studies with urine sample was 4.32 with 2˚of freedom (P = 0.115). For studies with serum sample, the value was 40.82 with 7˚of freedom (P < 0.01). The results indicated that there was more likely to have heterogeneity in serum sample studies. Thus, we subsequently reviewed the studies from various aspects and considered that specific histological type of lung cancer might contribute to this. However, all of the included studies had a good homogeneity of study design and clinical intention which was also an important aspect. Thus, we finally applied the random-effect model to perform this analysis.
Comparison of NTx level between BM+ and BM-patients
Shown in Table 3 , all the included studies compared the level of NTx in lung cancer with/without bone metastasis except one conducted by Tamiya which due to the lack of standard deviation. The weight of included studies ranged from -0.16% to -29.21%, -11.54% to -156.57% respectively for serum and urine sample. The pooled WMD was -11.57 and 95% confidence interval (CI) were -15.14 to -8.00 for serum sample, -65.15(95% CI -88.33 to -41.97) for urine sample (Fig 2) , which indicated that patients with bone metastasis had a higher NTx level than those without bone metastasis regardless of the type of sample. Thus, the results indicated that higher NTx was a concomitant event of lung cancer patients suffered bone metastasis.
Analysis of sensitivity and publication bias
The sensitivity analysis showed that the exclusion of one study each time did not significantly modify the estimators and alter the final outcome, with a pooled WMD oscillating between (Fig 3C  and 3D ).
Sensitivity and specificity of NTx for distinguishing bone metastasis
As shown in the forest plot (Fig 4A) , the pooled sensitivity of serum NTx (sNTx) in five included studies was 0.74 (95% confidence interval = 0.67 to 0.79) and the pooled specificity (Fig 4B) of sNTx was 0.85 (95% CI, 0.80 to 0.89). As for urine NTx(uNTx), the pooled sensitivity was 0.77(95% CI = 0.67 to 0.86) and specificity was 0.81(95% CI = 0.76 to 0. and 4D) Both sNTx and uNTx had a higher specificity over sensitivity in discerning bone metastasis among lung cancer patients.
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Diagnostic accuracy of NTx for discerning bone metastasis
The overall diagnostic odds ratio (DOR) is a measure of the effectiveness of a diagnostic test. In our study, the sNTx is 15.07 (9.6 to 23.65, P = 0.1941) and for uNTx the DOR is 15.25 (8.38 to 27.73, P = 0.6392). (Fig 5A and 5B) . With a high DOR value, it is indicative that NTx had a better test performance. Fig 5C and 5D summarize the serum and urine NTx performance by using the SROC (summary receiver operating characteristic) curve, and the balanced point for sensitivity and specificity (the Q-value) was 0.8196 and 0.7961 respectively. The area under the curve (AUC) was 0.8889 and 0.8655, indicating that the overall accuracy was impressive both in serum and urine sample.
Discussion
So far, lung cancer has become the leading cause of cancer-related deaths worldwide and the 5-year survival rate is only slightly above 10% [1] . A previous study shows that in the clinical course of lung cancer, a third of all patients will suffer from bone metastasis and the SREs significantly affects clinical outcome with a median survival time of 4.1 months [21] . NTx, a biochemical marker of bone metabolism, is considered to be elevated during bone metastasis because it reflects the ongoing rate of bone osteolysis. Thus the elevation of NTx has been further discussed as a diagnostic biomarker in solid tumors [22] [23] [24] . A previous meta-analysis [7] has demonstrated an elevation of NTx in bone metastasis patients, however, it fails to calculate the sensitivity and specificity of NTx in the diagnosis of bone metastasis which would be an important data for further clinical trial and application. Besides, the patients included have different kinds of tumor which may result in bias when applied in lung cancer patients. Moreover, serum and urine are the two sources of specimen in detecting NTx but the study has failed to evaluate urine NTx and its correlation with serum NTx in terms of efficacy. Therefore, we review the literature so as to make a more comprehensive analysis on the role of NTx as a diagnostic biomarker.
In this meta-analysis, after reviewing the relevant studies comparing NTx level between BM+ and BM-lung cancer patients, we found a higher level of NTx occurred in BM+ patients regardless of serum or urine sample. This indicated that the elevation of NTx positively correlated with the occurrence of bone metastasis and it could be a potential biomarker. We also noticed that there was a strong heterogeneity exist between included studies and subsequent subgroup analysis based on the type of specimen did not diminish such heterogeneity. However, we found that among the included studies there was a good clinical homogeneity which we believed to be another important factor. For example, no biases of age, gender were observed in these studies. What is more, the test method in each of the studies were unanimously ELISA. Moreover, most of the studies had a moderate to higher quality assessed by the QUADAS system. Subsequent sensitivity analysis further showed that the exclusion of studies on an individual basis did not substantially change the overall result of this meta-analysis. Bias evaluation in our study also suggested there was no significant publication bias exist. Together, we believe higher NTx value is a potential indicator of bone metastasis in lung cancer patients.
These days, bone metabolic markers have been extensively studied and have shown its ability as a useful clinical tool in detecting bone metastasis. Based on their origin, bone metabolic markers can be divided into markers of formation and resorption. Bone-specific alkaline phosphatase (B-ALP), C-terminal or N-terminal propeptides of type I procollagen (PICP; PINP) are bone formation markers while tartrate-resistant acid phosphatase isoform 5b (TRACP 5b), type I collagen carboxyterminal telopeptide (ICTP) and NTx are the main bone resorption markers.
It is no doubt that good sensitivity and specificity are essential for a diagnostic marker. In this meta-analysis we found that the increase of NTx both in serum and urine has a higher specificity (sNTx: 0.85; 95% CI: 0.80-0.89; uNTx: 0.81; 95% CI = 0.76 to 0.86) over sensitivity (sNTx: 0.74; 95%CI: 0.67 to 0.79; uNTx: 0.77; 95% CI = 0.67 to 0.86) which suggested that NTx has a better role for detecting patients who have not been affected by bone metastasis. Thus, a preliminary test of NTx can be a complementary tool to current methodology and make it more accurate and cost-effective. However, a normal level of NTx does not completely rule out the possibility of bone metastasis. The DOR is a measurement of the effectiveness of a diagnostic test and synthesizes sensitivity and specificity into a quantitative data. People believe that a higher DOR values indicate a better test performance. In our analysis, the pooled DOR was 15.07 and 15.25 for sNTx and uNTx respectively, supporting that the NTx test could be advantageous in the diagnostic test of bone metastasis. The SROC curve is a graphical plot that can illustrate the performance of a diagnostic test. Our analysis showed that the AUC of NTx was 0.8889 and 0.8655 in serum and urine sample, which showed that the NTx has good value in terms of the discerning bone metastasis of lung cancer. From the present data, both serum and urine sample show a similar diagnostic efficacy, however, the serum sample may be a better option for it is more flexible regarding specimen collection. Judging from the research, we believe that every patient with lung cancer should undergo the test of NTx.For one thing, it is a more convenient and cost-effective way in discerning bone metastasis, for another thing, with an elevated NTx the current methodology will be more effective and accurate to draw a final diagnosis.
When compared with other markers, NTx shows a better diagnostic accuracy. A meta-analysis [25] on B-ALP shows the sensitivity (74%) is similar to that of NTx while the specificity (80%) is inferior to that of NTx. In another study conducted by Tang et al [26] , the sensitivity values decrease in the order ICTP (63.1%), B-ALP (63.1%), and TRACP 5b (58.5%) and the corresponding specificity values are 90.4%, 77%, and 80.4% respectively. Even if ICTP has a better specificity than NTx, the highest AUC (0.835) is inferior to that of NTx indicating NTx has a better overall diagnostic efficiency. Finally, Ebert et al [27] concludes the area under SROC curves for B-ALP, ICTP and PINP are 0.764, 0.699, and 0.742. Therefore, NTx so far has the highest diagnostic efficiency compared with other markers in detecting bone metastasis in lung cancer.
The limitations of this study are as follows: first, the current results were based on relatively small number of studies and lacks a large sample size; second, significantly heterogeneity was observed among studies that cannot be fully eliminated due to lack of a more detailed data; third, the cutoff value for positive of NTx varied across included studies and might interfere the outcome of current meta-analysis. In the future, it is very crucial to compare the NTx status in different histology classification of lung cancer suffered from bone metastasis in multiple clinical centers with large samples. Although some deficiencies existed, the study still drew a conclusion that the NTx could be beneficial in the diagnosis of bone metastasis in lung cancer.
Conclusion
In summary, patients with bone metastasis have a high level of sNTx and uNTx than those without bone metastasis indicating increased NTx positively correlates with the occurrence of bone metastasis. Furthermore, both uNTx and sNTx have a relatively high sensitivity and specificity and can be a biomarker in the diagnosis of bone metastasis in lung cancer patients. 
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